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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rare earth magnet excellent in 
magnetic properties by suppressing fine R rich phase regions in a cast R-T-B 
system alloy ingot to obtain an alloy ingot having a very homogenized system for 
the purpose of evenly distributing the R rich phase in a magnet. 
SOLUTION: The surface of a casting roll 3 is roughened finely so that a liquid 
alloy 1 cannot enter the roughened fine surface of the roll by its viscosity. As a 
result, the casting die surface side of an alloy 4 is not cooled quickly, and the 
growth of the fine R rich phase is suppressed. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The alloy flake for rare earth magnets with which thickness is 0.1mm or 
more 0.5mm or less, and surface roughness of at least one side of this alloy flake 
is characterized by 5-micrometer or more being 50 micrometers or less by the 
ten-point average of roughness height (Rz) in the alloy flake for rare earth 
magnets which consists of a R-T-B system alloy (however, the transition metals 
with which at least one sort and T make Fe indispensable, and B are boron 
among the rare earth elements in which R contains Y.). 
[Claim 2] The alloy flake for rare earth magnets according to claim 1 with which 
surface roughness of at least one side of this alloy flake is characterized by 7- 
micrometer or more being 25 micrometers or less by the ten-point average of 
roughness height (Rz). 

[Claim 3] The alloy flake for rare earth magnets according to claim 1 or 2 
characterized by the rate of the volume of the detailed R rich phase field in an 
alloy being 20% or less. 

[Claim 4] The manufacture approach of the alloy flake for rare earth magnets 
characterized by setting surface roughness of the casting side of the roll kneader 



for casting to 5 micrometers or more 100 micrometers or less by the ten-point 
average of roughness height (Rz) in the manufacture approach of the alloy flake 
for rare earth magnets which consists of a R-T-B system alloy by the strip cast 
method. 

[Claim 5] The manufacture approach of claim 1 characterized by setting surface 
roughness of the casting side of the roll kneaderfor casting to 5 micrometers or 
more 100 micrometers or less by the ten-point average of roughness height (Rz) 
in the manufacture approach of the alloy flake for rare earth magnets which 
consists of a R-T-B system alloy by the strip cast method thru/or the alloy flake 
for rare earth magnets given in 3. 

[Claim 6] The manufacture approach of the alloy flake for rare earth magnets 
according to claim 4 or 5 characterized by setting surface roughness of the 
casting side of the roll kneader for casting to 10 micrometers or more 50 
micrometers or less by the ten-point average of roughness height (Rz). 
[Claim 7] Alloy powder for rare earth sintered magnets produced by carrying out 
jet mill grinding after giving a hydrogen crushing process to claim 1 thru/or the 
alloy flake for rare earth magnets given in 3. 

[Claim 8] The rare earth sintered magnet manufactured with powder-metallurgy 
processing from the alloy powder for rare earth magnets according to claim 7. 
[Claim 9] claim 1 thru/or the alloy flake for rare earth magnets given in 3 ~ using - 
- HDDR - the alloy powder for bond magnets manufactured by law. 
[Claim 10] The bond magnet produced using the alloy powder for bond magnets 
according to claim 9. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the alloy powder for the alloy 
flake for rare earth magnets which consists of a R-T-B system alloy (however, 
the transition metals with which at least one sort and T make Fe indispensable, 
and B are boron among the rare earth elements in which R contains Y.), its 
manufacture approach, the alloy powder for rare earth sintered magnets, a rare 
earth sintered magnet, and bond magnets, and a bond magnet. 
[0002] 

[Description of the Prior Art] In recent years, as an alloy for rare earth magnets, 
the Nd-Fe-B system alloy is lengthening the volume rapidly from the high 
property, and is used for the object for HD (hard disk), the object for MRI 
(magnetic resonance imaging), or various motors. Usually, what permuted a part 
of Nd by other rare earth elements, such as Pr and Dy, and the thing which 
permuted a part of Fe with other transition metals, such as Co and nickel, are 
common, and is named generically the R-T-B system alloy including the Nd-Fe-B 
system alloy. Here, R is at least one sort in the rare earth elements containing Y. 
moreover, the transition metals with which T makes Fe indispensable - it is - a 
part of Fe - Co or nickel -- it can permute - as an alloying element -- Cu, 
aluminum, Ti, V, Cr, Mn, Nb, Ta, Mo, W, calcium, Sn, Zr, Hf, etc. - one sort -- or 
two or more sets are seen and you may add. B is boron and can permute a part 
by C or N. 

[0003] A R-T-B system alloy makes the main phase the crystal which consists of 



R2T14 B phase which is a ferromagnetic phase which contributes to a 
magnetization operation, it is the alloy with which the R-rich phase of the low- 
melt point point which rare earth elements condensed by nonmagnetic lives 
together, and, generally the dissolution and casting are performed in a vacuum or 
inert gas from it being an activity metal. Moreover, in order to produce a sintered 
magnet with powder-metallurgy processing from the cast R-T-B system alloy 
lump After grinding an alloy lump to 3-micrometer (FSSS: measurement by 
Fischer subsieve sizer) extent and making it alloy powder, It sinters at an about 
1000-1 100-degree C elevated temperature with a sintering furnace, the need is 
accepted after that, and it heat-treats and machines, press forming is carried out 
all over a magnetic field, it plates in order to improve corrosion resistance further, 
and usually it considers as a sintered magnet. 

[0004] In the sintered magnet which consists of a R-T-B system alloy, the R-rich 
phase is bearing the important following roles. 

1) The melting point is low, serves as the liquid phase at the time of sintering, 
and contributes to improvement in magnetic densification, therefore 
magnetization. 

2) Lose the irregularity of a grain boundary, decrease the new chestnut ESHON 
site of a reverse magnetic domain, and heighten coercive force. 

3) Insulate the main phase magnetically and increase coercive force. 
Therefore, if the distributed condition of the R-rich phase in the fabricated magnet 
is bad, it will become important in local poor sintering and the magnet which 
imitated the magnetic fall and was fabricated for the ** reason that the R-rich 
phase is distributing to homogeneity. Distribution of an R-rich phase is greatly 
influenced here in the organization of the R-T-B system alloy lump at the time of 
being cast. 

[0005] Moreover, another problem produced in casting of a R-T-B system alloy is 
that alpha-Fe generates in the cast alloy lump. Alpha-Fe will bring about the fall 
of magnetic magnetic properties, if aggravation of the efficiency of comminution 
at the time of grinding an alloy lump is brought about and after sintering remains 



in a magnet. So, in the conventional alloy lump, the homogenization covering 
long duration was performed at the elevated temperature if needed, and alpha- 
Fe was eliminated. 

[0006] In order to solve the problem which alpha-Fe generates in this cast R-T-B 
system alloy lump, as an approach of casting an alloy lump in a quicker cooling 
rate, the strip cast method (it abbreviates to the SC method.) is developed, and it 
is used for the actual process. By casting a sink and an about 0.1 -1mm flake for 
a molten metal on the copper roll with which water cooling of the interior was 
carried out, the SC method can carry out the rapid solidification of the alloy, and 
can control the deposit of alpha-Fe. In order that an alloy lump's crystalline 
structure may furthermore make it detailed, an R-rich phase becomes possible 
[ generating the alloy which has the organization which distributed minutely ]. 
Thus, since the internal R-rich phase is distributing minutely, the dispersibility of 
the R-rich phase in the magnet after grinding and sintering also became good, 
and the alloy cast in the SC method has succeeded in improvement in magnetic 
magnetic properties. (JP,5-222488,A, JP,5-295490,A) 
[0007] Moreover, the alloy lump cast by the SC method is excellent also in the 
homogeneity of an organization. The homogeneity of an organization can be 
compared in the state of distribution of the diameter of crystal grain, or R rich 
phase, in the alloy flake produced by the SC method, although a chill crystal may 
be generated in the roll side for casting of an alloy flake (it turns on a mold side 
side henceforth), rapid solidification is also hung down as a whole - a detailed 
and homogeneous organization can be obtained moderately. 
[0008] As mentioned above, since R rich phase distributes minutely and 
generation of alpha-Fe is also controlled, the R-T-B system alloy cast in the SC 
method can prevent grinding which the homogeneity of R rich phase in a final 
magnet increases, and originates in alpha-Fe, and the evil to magnetism, when 
producing a sintered magnet. Thus, the R-T-B system alloy lump which cast in 
the SC method has the organization which was excellent in order to produce a 
sintered magnet. However, a raw material alloy lump's organization is 



increasingly asked for homogeneous improvement as a magnetic property 
improves. 

[0009] Therefore, the technique which is producing the sintered magnet with a 
good magnet property is indicated by JP, 10-31 71 10,A by making the rate of 
surface ratio of the chill crystal by the side of the mold side of the cast R-T-B 
system alloy 5% or less, for example. Since the chill crystal section serves as 
detailed powder with a particle size of 1 micrometer or less at a grinding process, 
the particle size distribution of alloy powder are disturbed and it is thought that 
magnetism is worsened. 
[0010] 

[Problem(s) to be Solved by the Invention] this invention persons found out that it 
was important to control the distributed condition of R rich phase rather than an 
alloy lump's diameter of crystal grain, in order to control the grain size of the alloy 
powder for sintered magnets to homogeneity, as a result of studying the relation 
between the organization of the cast R-T-B system alloy lump, and the behavior 
in the case of a hydrogen crack or pulverizing. And the rate of the volume of the 
chill crystal in an alloy lump was several % or less actually, and in order for the 
direction of the field (detailed R rich phase field) where the distributed condition 
of R rich phase generated at the mold side side in an alloy lump is extremely 
finer than the evil by the chill crystal to control the grain size of the powder for 
magnets, effect found out the large thing. That is, even when the chill crystal in a 
R-T-B system alloy lump was lessened according to an alloy lump's presentation 
and manufacture conditions, also when the rate of the volume of a detailed R rich 
phase field exceeded 50%, it checked that a certain thing and this detailed R rich 
phase field disturbed the particle size distribution of the alloy powder for magnets, 
and checked that it was required in order that decreasing a detailed R rich phase 
field may raise a magnet property. 

[001 1] Then, by controlling generation of the detailed R rich phase field in the 
inside of the cast R-T-B system alloy lump, and manufacturing the alloy lump 
which has the organization excellent in homogeneity, this invention makes 



homogeneity distribution of R rich phase in a magnet, and aims at offering the 

rare earth magnet which was excellent in the magnet property. 

[0012] 

[Means for Solving the Problem] this invention persons changed the surface state 
of the casting conditions in the SC method, especially the roll kneader for casting, 
and compared the rate of the volume which the detailed R rich phase field in a R- 
T-B system alloy flake generates. Then, it found out that it was related to the rate 
of the volume which the surface roughness of the mold side side front face of an 
alloy flake and a detailed R rich phase field generate, this invention persons 
succeed in this invention based on the above-mentioned knowledge. 
[0013] Namely, this invention is set to the alloy flake for rare earth magnets which 
consists of a (1) R-T-B system alloy (however, transition metals with which at 
least one sort and T make Fe indispensable among the rare earth elements in 
which R contains Y and B boron.). The alloy flake for rare earth magnets with 
which thickness is 0.1mm or more 0.5mm or less, and surface roughness of at 
least one side of this alloy flake is characterized by 5-micrometer or more being 
50 micrometers or less by the ten-point average of roughness height (Rz). 

(2) The alloy flake for rare earth magnets given in the above (1) to which surface 
roughness of at least one side of this alloy flake is characterized by 7-micrometer 
or more being 25 micrometers or less by the ten-point average of roughness 
height (Rz). 

(3) The above (1) characterized by the rate of the volume of the detailed R rich 
phase field in an alloy being 20% or less, or the alloy flake for rare earth magnets 
given in (2). 

(4) The manufacture approach of the alloy flake for rare earth magnets 
characterized by setting surface roughness of the casting side of the roll kneader 
for casting to 5 micrometers or more 100 micrometers or less by the ten-point 
average of roughness height (Rz) in the manufacture approach of the alloy flake 
for rare earth magnets which consists of a R-T-B system alloy by the strip cast 
method. 



(5) The above (1) characterized by setting surface roughness of the casting side 
of the roll kneaderfor casting to 5 micrometers or more 100 micrometers or less 
by the ten-point average of roughness height (Rz) in the manufacture approach 
of the alloy flake for rare earth magnets which consists of a R-T-B system alloy 
by the strip cast method thru/or the manufacture approach of the alloy flake for 
rare earth magnets given in (3). 

(6) The above (4) characterized by setting surface roughness of the casting side 
of the roll kneader for casting to 10 micrometers or more 50 micrometers or less 
by the ten-point average of roughness height (Rz), or the manufacture approach 
of the alloy flake for rare earth magnets given in (5). 

(7) Alloy powder for rare earth sintered magnets produced by carrying out jet mill 
grinding after giving a hydrogen crushing process to the alloy flake for rare earth 
magnets the above (1) thru/or given in (3). 

(8) The rare earth sintered magnet manufactured by the above (7) with powder- 
metallurgy processing from the alloy powder for rare earth magnets of a 
publication. 

(9) the alloy flake for rare earth magnets the above (1) thru/or given in (3) -- using 
-- HDDR -- the alloy powder for bond magnets manufactured by law. 

(10) The bond magnet produced by the above (9) using the alloy powder for 
bond magnets of a publication. 

It comes out. 
[0014] 

[Embodiment of the Invention] The reflection electron image when observing the 
cross section of the flake of the Nd-Fe-B system alloy (Nd31.5 mass %) cast by 
the conventional SC method in SEM (scanning electron microscope) is shown in 
drawing 1 . In drawing 1 , left-hand side is a mold side side, and right-hand side 
is a free-surface side. In addition, the surface roughness of the mold side side 
front face of this alloy flake is 3.4 micrometers in the ten-point average of 
roughness height (Rz). The small pool of the form where the white part at 
drawing 1 had the directivity which is extended in the shape of lamellar one in the 



thickness direction from the center section of the alloy flake by the free-surface 
side (front face of a casting side side and the opposite side), or lamellar one 
divided with the Nd-rich phase (an R-rich phase is called a Nd-rich phase since R 
is Nd.) is formed. However, to the mold side side, the field where a Nd-rich phase 
is extremely more detailed than other parts and which exists at random granular 
was generating, this invention persons named this the detailed R rich phase field 
(in case the principal component of R is Nd, it is also called a detailed Nd rich 
phase field), and we decided to distinguish especially. This detailed R rich phase 
field usually began from the mold side side, and spreads out in the direction of a 
center. On the other hand, suppose that the part in which the detailed R rich 
phase field applied to a free-surface side from a center section does not exist is 
called the normal section here. 

[0015] In the hydrogen crushing process of the R-T-B system alloy flake at the 
time of sintered magnet production, hydrogen is absorbed from R rich phase, 
expands, and serves as a weak hydride. Therefore, in a hydrogen crack, into an 
alloy, R rich phase was met or the detailed crack on the basis of R rich phase is 
introduced. Since an alloy breaks at a subsequent pulverizing process taking 
advantage of a lot of detailed cracks generated by the hydrogen crack, the grain 
size after pulverizing tends to become fine, so that distribution of R rich phase in 
an alloy is fine, therefore, with the alloy powder with which the inclination to be 
divided more finely than the normal section was strong with powder, for example, 
was manufactured from the normal section, a detailed R rich phase field With the 
alloy powder manufactured from the detailed R rich phase field to average grain 
size being about 3 micrometers in measurement by FSSS (Fischer sub sheave 
sizer), since the rate containing fines 1 micrometer or less is high, the particle 
size distribution after pulverizing will become large. 

[0016] The controllable thing is indicated by JP,09-170055,A or JP,10-36949,A 
by control of the cooling rate after the molten metal at the time of casting 
solidifies the distributed condition of R rich phase in a R-T-B system alloy, or heat 
treatment. However, unlike the normal section, control is difficult, distribution of R 



rich phase cannot become coarse easily, and the behavior of change of the 
cooling rate after coagulation or R rich phase inside the detailed R rich phase 
field by heat treatment is still detailed. 

[0017] The rate of the volume of a detailed R rich phase field is measurable by 
the following approaches. Although drawing 3 is the reflection electron line image 
of the same visual field as drawing 1 , a line is drawn on a detailed R rich phase 
field and the boundary of the normal section. Since the boundary of both fields 
can be easily judged from the distributed condition of R rich phase, it can 
calculate the rate of area of the detailed R rich phase field of the visual field using 
image-analysis equipment. The rate of area in a cross section is equivalent to the 
rate of the volume in the inside of an alloy. In addition, in measurement of the 
rate of the volume of a detailed R rich phase field, even if it is the alloy flake cast 
by coincidence, change of the amount of a detailed R rich phase field is large 
also between flakes and within the same flake. Therefore, the rate of the volume 
of the detailed R rich phase field of the whole alloy is calculable by measuring the 
flake of about 5-10 sheets, and taking the average, after extending an 
observation visual field for an about 50 to 100-time low scale factor. 
[0018] The reflection electron line image of the cross section of the R-T-B system 
alloy flake (Nd31.5 mass %) of this invention is shown in drawing 2 . In drawing 
2 , left-hand side is a mold side side, and right-hand side is a free-surface side. 
The description of the alloy flake of this invention is that generation of a detailed 
R rich phase field is controlled by controlling the surface roughness by the side of 
a mold side in the flake manufactured by the strip cast method. As shown in 
drawing 2 , in the alloy flake of this invention, a detailed R rich phase field does 
not exist, but is crossed to a free surface from a mold side at a mold side side, 
and the distributed condition of R rich phase is very homogeneous. 
[001 9] The surface roughness of the mold side side front face of the alloy flake 
manufactured by the strip cast method and the relation of a detailed R rich phase 
field can be explained as follows. In order for the mold side side front face of an 
alloy flake to be smooth, the roll kneader front face for casting needs to be 



smooth, and wettability with an alloy molten metal needs to be good. In such the 
condition, heat transfer from a molten metal to mold is fitness (a heat transfer 
coefficient is large) very much, and it quenches the mold side side of an alloy too 
much. It is thought that a detailed R rich phase field has the strong inclination 
generated when the heat transfer coefficient of mold and a molten metal is large 
and it quenches the mold side side of an alloy too much. 

[0020] On the other hand, if fine unevenness is formed in the front face of the roll 
kneader for casting, for the viscosity of the molten metal of an alloy, a molten 
metal cannot enter into the fine unevenness on the front face for casting of a roll 
kneader completely, but a non-contacted part will be produced, and a heat 
transfer coefficient will fall. Consequently, quenching the mold side side of an 
alloy too much is lost, and it is thought that generation of a detailed R rich phase 
field can be controlled. If surface roughness on the front face for casting of a roll 
kneader is enlarged here, since the unevenness will be imprinted somewhat at 
the mold side side of an alloy flake, naturally the surface roughness of the mold 
side side front face of an alloy flake also becomes large. The cause that 
generation of R rich phase is controlled with the alloy flake which has surface 
roughness with a suitable mold side side front face is presumed because too 
much heat transfer in case a molten metal solidifies as mentioned above is 
controlled. 

[0021] However, if the surface roughness on the front face for casting of a roll 
kneader becomes large too much, while a molten metal can enter now into 
surface unevenness and a heat transfer coefficient will become large again, the 
surface roughness by the side of the mold side of the generated alloy flake 
becomes still larger. In this case, the rate of the volume of a detailed R rich 
phase field also comes to increase again. 

[0022] Although the alloy flake which has a homogeneous organization as shows 
drawing 2 also by the conventional SC method was contained to some extent, 
since the flake which included the detailed R rich phase field as shown in 
drawing 1 so much will also be generated by coincidence, the problem had been 



produced in the homogeneity of the organization in the whole alloy as a result. It 
is thought that dispersion of an alloy organization produced by such conventional 
SC method originates in the difference in the contact condition of roll surfaces, 
such as a surface state of the delicate roll kneaderfor casting, a supply condition 
of a molten metal, and an ambient atmosphere, and a molten metal. On the other 
hand, in this invention, since unevenness of the suitable magnitude for the front 
face of the roll kneader for casting was formed, too much heat transfer in case a 
molten metal solidifies is lost, and generation of a detailed R rich phase field can 
be controlled with sufficient reappearance. Consequently, the alloy flake which 
has a homogeneous organization as shows drawing 2 can be manufactured now 
with high yield. 

[0023] Furthermore, the detail of this invention is explained. 
(1) Strip cast method this invention relates to the R-T-B system alloy flake for 
rare earth magnets cast in the strip cast method. Here, casting by the strip cast 
method of a R-T-B system alloy is explained. The mimetic diagram of the 
equipment for casting by the strip cast method is shown in drawing 4 . Usually, a 
R-T-B system alloy is dissolved in a vacuum or an inert gas ambient atmosphere 
using the refractories crucible 1 for the activity property. The molten metal of the 
dissolved alloy is supplied to the roll kneader 3 for casting by which water cooling 
was carried out in the interior through the tundish 2 which established the 
rectification device and the slag removal device if needed, after time amount 
maintenance of predetermined is carried out at 1350-1500 degrees C. The speed 
of supply of a molten metal and the rotational frequency of a roll kneader are 
made to control suitably according to the thickness of the alloy for which it asks. 
Generally, the rotational frequency of a roll kneader is made into peripheral 
velocity, and is 1 - 3 m/s extent. Copper or a copper alloy is suitable for the 
quality of the material of the roll kneader for casting from the point that thermal 
conductivity is good and acquisition is easy. Since metal tends to adhere to the 
front face of the roll kneader for casting depending on the quality of the material 
of a roll kneader, or the surface state of a roll, if cleaning equipment is installed if 



needed, the quality of the R-T-B system alloy cast will be stabilized. The alloy 4 
solidified on the roll kneader secedes from a roll in the opposite side of tundish, 
and is recovered by the uptake container 5. The condition of the organization of 
R rich phase of the normal section is controllable by preparing heating and a 
cooler style in this uptake container. 

[0024] As for the thickness of the alloy flake of this invention, it is desirable to be 
referred to as 0.1mm or more 0.5mm or less. If the thickness of an alloy flake is 
thinner than 0. 1 mm, a coagulation rate will increase too much, and since the 
diameter of crystal grain becomes fine too much and becomes near the 
pulverizing grain size in a magnet chemically-modified degree, there is a problem 
of causing the magnetic rate of orientation and the fall of magnetization. 
Moreover, if the thickness of an alloy flake is thicker than 0.5mm, problems, such 
as a fall of the dispersibility of the Nd-rich phase by coagulation rate fall and a 
deposit of alpha-Fe, will be caused. 

[0025] (2) In surface roughness this invention of the casting side of the roll 
kneader for casting, when casting a R-T-B system magnet alloy in the strip cast 
method, set surface roughness of the casting side of the roll kneader for casting 
to 5 micrometers or more 100 micrometers or less by the ten-point average of 
roughness height (Rz). Surface roughness is JIS here. B It is what was 
measured on the conditions shown in 0601 "the definition of surface roughness, 
and a display", and the ten-point average of roughness height (Rz) is defined in it. 
A measuring plane is asked for the curve (granularity curve) which removed the 
surface waviness component longer than predetermined wavelength from the cut 
end (cross-section curve) when cutting at a right-angled flat surface with the 
phase compensation mold high-pass filter etc. concrete first. From that 
granularity curve, only criteria die length is sampled in the direction of that 
average line, and the sum of the average of the absolute value of the altitude 
(Yp) of the summit of the mountain from the highest summit of the mountain to 
[ from the average line of this sampling part ] the 5th and the average of the 
absolute value of the altitude (Yv) of the bottom of thread from the lowest bottom 



of thread to the 5th is called the ten-point average of roughness height (Rz). As 
for measurement parameters, such as criteria die length, the certified value is 
specified by Above JIS to surface roughness. The surface roughness by the side 
of the mold side of an alloy flake may have large fluctuation, it should measure it 
about the flake of at least five sheets, and it should use the average. By 5 
micrometers or less, the uneven effectiveness on the front face for casting of a 
roll kneader is not acquired for surface roughness, but since contact to a molten 
metal is good, a heat transfer coefficient is large. Consequently, it becomes easy 
to generate a detailed R rich phase field in an alloy. On the other hand, since it is 
the viscosity of an alloy molten metal as the surface roughness of the roll 
kneader for casting is 5 micrometers or more, a molten metal cannot enter into 
fine unevenness of the front face of a roll kneader completely, but a non- 
contacted part is produced, and a heat transfer coefficient falls. Consequently, 
generation of the detailed R rich phase in the inside of an alloy can be controlled. 
Surface roughness is still more desirable in it being 10 micrometers or more in 
the ten-point average of roughness height (Rz). 

[0026] Since spacing between uneven will generally also become large while the 
uneven depth on the front face of a roll kneader increases if the surface 
roughness of the roll kneader for casting exceeds 100 micrometers, a molten 
metal can enter without a clearance along the front face of a roll kneader. 
Therefore, a coefficient of heat-transfer tends to become large too much again, 
and it becomes easy to generate a detailed R rich phase field in an alloy. 
Therefore, the surface roughness of the roll kneader for casting sets 100 
micrometers or less to 50 micrometers or less preferably. 
[0027] In surface roughness this invention of a R-T-B system alloy flake, surface 
roughness of at least one side of the R-T-B system alloy flake for rare earth 
magnets is characterized by 5-micrometer or more being 50 micrometers or less 
by the ten-point average of roughness height (Rz). In case the field where 
unevenness of the above-mentioned granularity is formed in a front face is cast 
in the strip cast method, it is a mold side side front face where coagulation starts, 



and it turns into a front face where uneven ness of the front face of a roll kneader 
was reflected. The rate of the volume which a detailed R rich phase field 
generates [ the surface roughness of this front face ] by 5 micrometers or less or 
50 micrometers or more becomes large, and the ununiformity of the distributed 
condition of R rich phase in an alloy is brought about as described above. 
Consequently, since the particle size distribution of the alloy powder after 
pulverizing are made large by the production process of a sintered magnet and a 
magnetic property is got worse, it is not desirable. In this invention, the surface 
roughness of one side of an alloy flake sets still more preferably 5 micrometers or 
more 50 micrometers or less to 7 micrometers or more 25 micrometers or less. 
[0028] In rate this invention of the volume of the detailed R rich phase field in an 
alloy, the rate of the volume of the detailed R rich phase field in a R-T-B system 
alloy becomes 20% or less. Consequently, since the particle size distribution of 
the alloy powder after pulverizing become what gathered narrowly at the process 
of a sintered magnet, the homogeneous sintered magnet which does not have 
variation in a property can be obtained. 

[0029] From the alloy flake for rare earth magnets which consists of a R-T-B 
system alloy cast by manufacture approach this invention of the alloy powder for 
rare earth sintered magnets, and a rare earth sintered magnet, the anisotropy 
sintered magnet of a high property can be manufactured through the process of 
grinding, molding, and sintering. 

[0030] Grinding of an alloy flake is usually performed in order of a hydrogen 
crack and pulverizing, and the alloy powder of 3-micrometer (FSSS) extent is 
produced. Here, a hydrogen crack is divided into the dehydrogenation process of 
the hydrogen absorption process of a last process, and a back process. At a 
hydrogen absorption process, the alloy flake itself is minutely broken by the 
hydrogen gas ambient atmosphere of the pressure of 266hPa - 0.3 MPa-G using 
mainly carrying out occlusion of the hydrogen to the R-rich phase of an alloy 
flake, and an R-rich phase carrying out cubical expansion by R-hydride 
generated at this time, or a countless detailed crack is produced. Although this 



hydrogen absorption is carried out in about ordinary temperature -600 degree C, 
in order to enlarge cubical expansion of an R-rich phase and to break it efficiently, 
while making the pressure of a hydrogen gas ambient atmosphere high, it is 
desirable to carry out in about ordinary temperature -100 degree C. The 
desirable processing time is 1 hours or more. In atmospheric air, in order that R- 
hydride generated according to this hydrogen absorption process may be 
unstable and may tend to oxidize, it is desirable after hydrogen absorption 
processing to perform dehydrogenation treatment which holds an alloy flake in a 
vacuum 1.33hPa or less at about 200-600 degrees C. It can be made to change 
with these processings to stable R-hydride in atmospheric air. The desirable 
processing time of dehydrogenation treatment is 30 minutes or more. 
Dehydrogenation treatment can also be excluded when the ambient atmosphere 
management for antioxidizing is made at each process from after hydrogen 
absorption to sintering. 

[0031] It is the description that R rich phase is carrying out homogeneity 
distribution of the R-T-B system alloy flake manufactured by the strip cast 
method of this invention. Generally the average of desirable spacing of R rich 
phase is 3 micrometers to 8 micrometers, although it is dependent on the 
grinding grain size in a magnetic production process. In a hydrogen crack, a 
crack is introduced with R rich phase as the starting point along with R rich phase. 
Therefore, it is possible to pull out in an alloy homogeneity and the effectiveness 
of R rich phase distributed minutely by pulverizing, after carrying out a hydrogen 
crack to the maximum extent, and it is possible to produce efficiently alloy 
powder with very narrow particle size distribution. When a sintered magnet is 
produced without performing the process of this hydrogen crack, the property of 
the produced sintered magnet becomes what was inferior. (M.Sagawa et al. 
Proceedingof the 5th international conferenceon Advanced materials, Beijing 
China(1999)) 

[0032] Pulverizing is grinding a R-T-B system alloy flake to 3-micrometer (FSSS) 
extent. As grinding equipment for pulverizing, productivity is good, and since 



narrow particle size distribution can be acquired, jet mill equipment is the optimal. 
If an alloy flake with few detailed R rich phase fields of this invention is used, 
particle size distribution are efficient and can produce narrow alloy powder with 
sufficient stability. The ambient atmosphere at the time of pulverizing is made 
into inert gas ambient atmospheres, such as argon gas and nitrogen gas. The 
oxygen below 1 mass % may be made to mix preferably below 2 mass % into 
these inert gas. While the efficiency of comminution improves by this, the oxygen 
density of the alloy powder after grinding can be set to 1 000-1 0000 ppm, and 
alloy powder can be stabilized moderately. Moreover, abnormality growth of the 
crystal grain at the time of sintering a magnet to coincidence can also be 
controlled. 

[0033] When casting the above-mentioned alloy powder all over a magnetic field, 
in order to reduce friction with alloy powder and a metal mold wall, and to also 
reduce friction of powder and to raise a stacking tendency, it is desirable to add 
lubricant, such as zinc stearate, to powder. A desirable addition is 0.01 to 1 
mass %. Although before pulverizing or the back is available for addition of 
lubricant, it is desirable to use a V type blender etc. and to fully mix in inert gas 
ambient atmospheres, such as argon gas and nitrogen gas, before shaping 
among a magnetic field. 

[0034] Press molding of the alloy powder ground to 3-micrometer (FSSS) extent 
is carried out with the briquetting machine in a magnetic field. Metal mold is 
produced in consideration of the direction of a field in a cavity combining 
magnetic material and nonmagnetic material. The molding pressure force has 
desirable 0.5 - 2 t/cm2. The field in the cavity at the time of molding has desirable 
5-20kOe. Moreover, although the ambient atmosphere at the time of molding has 
desirable inert gas ambient atmospheres, such as argon gas and nitrogen gas, in 
the case of the above-mentioned fine particles which carried out anti-oxidation 
processing, it is possible also in atmospheric air. Moreover, the false hydrostatic- 
pressure press (RIP: Rubber Isostatic Press) using cold isostatic pressing 
(CIP:Cold Isostatic Press) or a rubber die is also possible for shaping. In CIP or 



RIP, since it is compressed in hydrostatic pressure, there is little turbulence of 
the orientation at the time of shaping, the increment in the rate of orientation is 
more possible than metal mold shaping, and the maximum magnetic energy 
product can be increased. 

[0035] Sintering of a molding object is performed at 1000-1 100 degrees C. As an 
ambient atmosphere of sintering, an argon gas ambient atmosphere or the 
vacuum ambient atmosphere of 1.33x10 to 2 or less hPa is desirable. The 
holding time in sintering temperature has 1 desirable hours or more, before 
[ moreover, ] reaching sintering temperature in the case of sintering - molding - 
it is necessary to remove the hydrogen contained in lubricant and alloy powder in 
the living body as much as possible The desirable removal conditions of lubricant 
are holding 30 minutes or more at 300-500 degrees C in the vacuum of 1.33x10 
to 2 or less hPa, or decompressed Ar flow ambient atmosphere. Moreover, the 
desirable removal conditions of hydrogen are holding 30 minutes or more at 700- 
900 degrees C in the vacuum of 1.33x10 to 2 or less hPa. 
[0036] Since it is improvement in coercive force of a sintered magnet after 
sintering is completed, it can heat-treat at 500-650 degrees C if needed. The 
desirable ambient atmosphere in this case is an argon gas ambient atmosphere 
or a vacuum ambient atmosphere, and the desirable holding time is 30 minutes 
or more. 

[0037] Moreover, the R-T-B system alloy flake for rare earth magnets which 
controlled generation of the detailed R rich field produced by this invention can 
be used suitably also because of production of a bond magnet in addition to a 
sintered magnet. Below, the case where a bond magnet is produced from the 
alloy flake for rare earth magnets of this invention is explained. 
[0038] The R-T-B system alloy flake of this invention is heat-treated if needed 
first, the purpose of heat treatment - removal of alpha-Fe in an alloy, and crystal 
grain - big and rough - it is-izing. Although HDDR (Hydrogenation 
Disproportionation Desorption Recombination) processing is performed in 
production of the alloy powder for bond magnet production, in HDDR down 



stream processing, alpha-Fe which exists in an alloy cannot be made to eliminate, 
but becomes the cause of reducing magnetism. Therefore, before alpha-Fe 
performs HDDR processing, it is necessary to eliminate it. 
[0039] Moreover, the mean particle diameter of the alloy powder for bond 
magnets is very large as compared with 50-300 micrometers and the alloy 
powder for sintered magnets. By the HDDR method, it is in agreement with the 
fixed distribution with the crystal orientation of the original alloy, and bearing of 
the recombined submicron crystal grain. Therefore, if the crystal grain with which 
two or more crystal orientation in the alloy flake of a raw material differs is 
contained in one alloy powder for bond magnets, into alloy powder, the field 
where crystal orientation differs greatly will be included, the magnetic rate of 
orientation will fall, and the maximum magnetic energy product will fall. The 
larger one is [ the diameter of crystal grain in an alloy flake ] convenient in order 
to avoid this. Since there is an inclination for the diameter of crystal grain to 
become comparatively small with the alloy cast in a rapid solidification method 
like the strip cast method, big-and-rough-izing of the crystal grain by heat 
treatment is effective in improvement in a magnet property. 
[0040] There are many reports about the manufacture approach of the alloy 
powder for bond magnets by the HDDR method (for example, T.Takeshita et al, 
ProdOth Int. Workshop - RE magnets and theirapplication, Kyoto, Vol.1 p551 
(1989)). Production of the alloy powder by the HDDR method is performed as 
follows. 

[0041] If the R-T-B system alloy flake of a raw material is heated in a hydrogen 
ambient atmosphere, the R2T14 B phase of a magnetic phase will decompose 
into the three phase circuit of alpha-Fe, RH2, and Fe2B at 700 to about 850 
degrees C. Subsequently, if it changes to an inert gas ambient atmosphere or a 
vacuum ambient atmosphere and hydrogen is removed at comparable 
temperature, the decomposed phase recombines with the R2T14 B phase which 
has the diameter of crystal grain which is submicron extent, under the present 
circumstances, every recombined when a presentation and processing 



conditions of an alloy were controlled suitably ~ the easy axis (R2T 14 B-phase 
C shaft) of R2T14 B phase becomes almost parallel to C shaft of the R2T14 B 
phase in the raw material alloy before decomposition, and can be used as the 
anisotropic-magnet powder to which the direction of an easy axis of each fine 
crystal grain was equal. 

[0042] After grinding to about 50-300 micrometers and considering as alloy 
powder, it mixes with resin and the alloy which performed HDDR processing 
gives compression molding, injection molding, etc., is used as a bond magnet 
and can carry out things. 

[0043] A detailed R rich phase field has the strong inclination which carries out 
pulverization in the case of HDDR processing as well as the above-mentioned 
hydrogen crack processing. The property of the magnetic powder by the HDDR 
method falls while grain size becomes small. Therefore, the R-T-B system alloy 
which controlled generation of the detailed R rich phase of this invention can be 
used suitable for production of the magnetic powder for bond magnets in HDDR 
processing. 
[0044] 

[Example] (Example 1) So that an alloy presentation may become Nd:31.5 
mass %, B:1.00 mass %, Co: 1.0 mass %, aluminum:0.30 mass %, Cu:0.10 
mass %, and remainder iron Alumina crucible was used for the raw material 
which blended metal neodium, ferroboron, cobalt, aluminum, copper, and iron, by 
argon gas, in the ambient atmosphere of one atmospheric pressure, it dissolved 
with the RF fusion furnace, the molten metal was cast in the strip cast method, 
and the alloy flake was produced. The diameter of the roll kneader for casting 
was 300mm, the quality of the material was a pure copper, water cooling of the 
interior is carried out and the surface roughness of a casting side was adjusted to 
20 micrometers by the ten-point average of roughness height (Rz). The 
peripheral velocity of the roll at the time of casting is 0.9m/s, and generated the 
alloy flake with an average thickness of 0.30mm. 

[0045] The surface roughness of the mold side side front face of the obtained 



alloy flake was 10 micrometers in the ten-point average of roughness height (Rz). 
After embedding ten alloy flakes and polishing them, the reflection electron line 
image (BEI) was photoed by one 100 times the scale factor of this about each 
alloy flake with the scanning electron microscope (SEM). When uptake 
measurement of the taken photograph was carried out to image-analysis 
equipment, the rate of the volume of a detailed R rich phase field was 3% or less. 
[0046] (Example 2) The alloy presentation used the raw material blended so that 
it might become Nd28.5%, B:1.00 mass %, Co:1.0 mass %, aluminum:0.30 
mass %, Cu:0.10 mass %, and remainder iron, cast in the SC method on the 
same conditions as an example 1 , and produced the alloy flake. 
[0047] As a result of estimating the obtained alloy flake as an example 1 similarly, 
the surface roughness of a mold side side front face was 9 micrometers in the 
ten-point average of roughness height (Rz), and the rate of the volume of a 
detailed R rich phase field was 3% or less. 

[0048] (Example 1 of a comparison) The raw material was blended with the same 
presentation as an example 1 , and the dissolution and casting by the SC method 
were carried out like the example 1. However, the surface roughness on the front 
face for casting of a roll kneader was 3.0 micrometers in the ten-point average of 
roughness height (Rz). As a result of estimating the obtained alloy flake as an 
example 1 similarly, the surface roughness of a mold side side front face was 3.3 
micrometers in the ten-point average of roughness height (Rz), and the rate of 
the volume of a detailed R rich phase field was 41 %. 

[0049] (Example 2 of a comparison) The raw material was blended with the same 
presentation as an example 1, and the dissolution and casting by the SC method 
were carried out like the example 1. However, the surface roughness on the front 
face for casting of a roll kneader was 120 micrometers in the ten-point average of 
roughness height (Rz). As a result of estimating the obtained alloy flake as an 
example 1 similarly, the surface roughness of a mold side side front face was 86 
micrometers in the ten-point average of roughness height (Rz), and the rate of 
the volume of a detailed R rich phase field was 29%. 



[0050] Next, the example which produced the sintered magnet is explained. 
(Example 3) The hydrogen crack was carried out and the alloy flake obtained in 
the example 1 was pulverized with the jet mill. The conditions of the hydrogen 
absorption process which is a last process of a hydrogen crushing process were 
considered as maintenance with a hydrogen ambient atmosphere and two 
atmospheric pressures 100% for 1 hour. The temperature of the piece of a metal 
at the time of hydrogen absorption reaction initiation was 25 degrees C. 
Moreover, the conditions of the dehydrogenation process which is a back 
process were considered as maintenance at 500 degrees C in the 0.133hPa 
vacuum for 1 hour. After doing 0.07 mass % addition of zinc stearate powder and 
mixing enough with a V type blender in 100% nitrogen-gas-atmosphere mind to 
this powder, it pulverized with jet mill equipment. The ambient atmosphere at the 
time of grinding was made into the inside of the nitrogen-gas-atmosphere mind 
which mixed 4000 ppm oxygen. Then, it mixed enough with the V type blender in 
100% nitrogen-gas-atmosphere mind again. The oxygen density of the obtained 
fine particles is 2500 ppm, and from analysis of the carbon concentration of fine 
particles, the zinc stearate powder currently mixed by fine particles was 
calculated as it is 0.05 mass %. Moreover, as a result of measuring with a laser 
diffraction type particle-size-distribution measurement machine, the average 
grain size D50 of 5.10 micrometers and D10 was [2.10 micrometers and D90 ] 
8.62 micrometers. 

[0051] Next, press molding of the obtained fine particles was carried out with the 
briquetting machine in a horizontal magnetic field in 100% nitrogen-gas- 
atmosphere mind. Molding pressure is 1.2 t/cm2 and the field in the cavity of 
metal mold was set to 15kOe(s). It holds at 500 degrees C among the vacuum of 
1.33x10-5hPa for 1 hour, and subsequently, among the vacuum of 1.33x10-5hPa, 
and after holding the acquired molding object at 800 degrees C for 2 hours, it 
was held to the pan for 2 hours, and it was made to sinter it at 1050 degrees C 
among the vacuum of 1.33x10-5hPa. Sintered density is three or more [ 7.5g 
//cm ], and turned into a consistency of sufficient magnitude. Furthermore, this 



sintered compact was heat-treated at 560 degrees C among argon atmosphere 
for 1 hour, and the sintered magnet was produced. 

[0052] The result of having measured the magnetic properties of this sintered 
magnet by the direct-current BH curve tracer is shown in Table 1. Moreover, the 
oxygen density and grain size of fines of a sintered magnet are also shown in 
Table 1 . [ of a raw material ] 

[0053] (Examples 3 and 4 of a comparison) The alloy flake obtained in the 
examples 1 and 2 of a comparison was ground by the same approach as an 
example 3, and fines were obtained. The sintered magnet was produced through 
the process of the still more nearly same molding as an example 3, and sintering. 
However, since it was hard coming to sinter the fines obtained from the alloy 
flake of the examples 1 and 2 of a comparison, they raised sintering temperature 
by 20 degrees C. Let the results of the sintered magnet using the alloy flake of 
the examples 1 and 2 of a comparison be the examples 3 and 4 of a comparison, 
respectively. 

[0054] The result of having measured the magnetic properties of these sintered 
magnets by the direct-current BH curve tracer is shown in Table 1. Moreover, the 
oxygen density and grain size of fines of each sintered magnet are also shown in 
Table 1 . [ of a raw material ] 
[0055] 
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[0056] As shown in Table 1, in the examples 3 and 4 of a comparison, the fact 
that D10 is small shows that the rate of very fine powder smaller than about 1 
micrometer is large as compared with an example 3. Such a very fine grain tends 
to oxidize and the oxygen density of fines is high a little rather than the example 



3 in the examples 3 and 4 of a comparison. Big and rough-ization of the crystal 
grain by the magnetic properties of the magnet of the examples 3 and 4 of a 
comparison having stopped being able to sinter a low cause easily due to the 
increment in an oxygen density, and having raised sintering temperature by 20 
degrees C as compared with the example 3, is considered to be the main factor. 
[0057] Next, the example which produced the bond magnet is explained. 
(Example 4) The raw material was blended so that an alloy presentation might 
become Nd28.5%, B:1.00 mass %, Co: 10.0 mass %, Ga:0.5 mass %, and 
remainder iron, and the alloy flake was cast in the same conditions as an 
example 1 by the SC method. As a result of estimating the obtained alloy flake as 
an example 1 similarly, the rate of the volume of 9 micrometers and a detailed R 
rich phase field of the surface roughness of a mold side side front face is 3% or 
less in the ten-point average of roughness height (Rz), and alpha-Fe did not 
contain. 

[0058] After holding the above-mentioned alloy flake at 820 degrees C among 
the hydrogen of one atmospheric pressure for 1 hour, HDDR processing held 
under vacuum at this temperature for 1 hour was carried out. The obtained alloy 
powder was ground by BURAUMMIRU to 150 micrometers or less, the epoxy 
resin of 2.5 mass % was added, the magnetic field of 1 .5T was added and 
pressed, and the bond magnet was obtained. The magnetic properties of the 
obtained bond magnet are shown in Table 1. 

[0059] (Example 5 of a comparison) The raw material was blended with the same 
presentation as an example 4, and the dissolution and casting by the SC method 
were carried out like the example 1 of a comparison. As a result of estimating the 
obtained alloy flake as an example 1 similarly, the rate of the volume of 3.1 
micrometers and a detailed R rich phase field of the surface roughness of a mold 
side side front face was 40% in the ten-point average of roughness height (Rz). 
[0060] Subsequently, the bond magnet was produced by the same approach as 
an example 4. The magnetic properties of the obtained bond magnet are shown 
in Table 1. 



[0061] With the bond magnet of this example 4 and the example 5 of a 
comparison, Table 1 shows that the magnetic properties of this example 4 are 
excellent. In the example 5 of a comparison, the rate of the volume of a detailed 
R rich field is high, and after HDDR processing or grinding, since there are many 
amounts of a comparatively fine grain 50 micrometers or less, what has low 
magnetism can be presumed. 
[0062] 

[Effect of the Invention] The alloy flake of this invention has few rates of the 
volume of a detailed R rich field, and its homogeneity of the distributed condition 
of R rich phase in an alloy is still better than the conventional SC material, 
therefore, the sintered magnet manufactured from this alloy flake and HDDR - 
the bond magnet by law discovers the magnet property superior to the 
conventional thing. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the cross-section organization of the alloy flake 
for rare earth magnets containing the detailed R rich phase manufactured by the 



conventional SC method. 

[Drawing 2] It is drawing showing the cross-section organization of the alloy flake 
for rare earth magnets concerning this invention. 

[Drawing 3] It is drawing which drew the line on the boundary of the detailed R 
rich field and the normal section in the cross-section organization of drawing 1 . 
[Drawing 4] It is the mimetic diagram of the casting equipment of the strip cast 
method. 

[Description of Notations] 

1 Refractories Crucible 

2 Tundish 

3 Roll Kneaderfor Casting 

4 Alloy 

5 Uptake Container 
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[Drawing 1] 




[Drawing 3] 




[Drawing 4] 
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titz r - t - b ^#iitofflf$ fc , 7\mmm y mm^ 

X 0 t> R U v^fflO^iM^ffliW-S ^#WCS> 

(±iist«S[%iiiTT"fe o . ^/mt i mm x *) h . 
y ^m^Mmmimz$L$L%tih r u -y f-ffl<z>#ffcKJB 
mmizmfriWM (mmv vi-mm) ^t>K m 

MEL*:. -t&fc*>, ^^OlM^Set^ff^J^R 

MRU ■y^fflffl^o#^t*^5 oxtmthm^hhh 

z\b. %LXZ\ OfSIIR U -y ^fflfiii^Iffiffl^^* 



<9&£#fli £SL"f t MS L , «R U -y ^fflfl«2r 
[00 11] HitSii^R-T-B^ 

m^coR U 7fffl«MJiS5ft L. I5f Suffix 
[00 12] 

[§mS:jBife-r£fcfc<9¥&] scat 

ml. r- t- B^^Efrtf^mfflR u v^immt 

-hiatal, tS-sf # ^> L?zi> (T)Xhh , 
[0013] -f^bib^WMli. 
( 1 ) R-T-B&£& (fit. R(iY^-irtf#±«7C 

*«oaw< 1 1 i Ti±F e *&mt-r&im& 
m. Bimm, ) ^^^§#±^»ffl^fi^tfe^ 

T.ffStfO. ImmfiLtO. 5 mm&TTfc 9 , 
^ffr«0^=5r< i: (R 
z)T*5/jt mtli 5 0^ mlilT-C35 S i * ^fc "f S 

( 2 ) S^tfr<^=Sr< fc 

§ ( R z ) "C 7 ju m JjLh 2 5 // m iilTT ^> S ^ t * ft 
at-f S±IE ( 1 ) tlBtfe«#±^iS5ffl^^fr 0 

( 3 ) ^*«fi!IR U >yf-ffiMJi^#:m*^2 0%lil 
TT-$)S; Sr^fc-f 5±IE ( 1 ) Xl± ( 2 ) tfBK 

^^i>#±^«5.ffl^f».n-osji^atfc^T, nit 

ffl0fen-;^ilffi(7)ifi$ (R z ) 

T- 5 a* mELt 100x/ miilTi: 5 Z\ k t fifSfc-ti* 

(5) Xiy^T^tXhSCi^R-T-Bl^ 

^^T§#±»?i5ffl^#3A-oS}i*atfc^T. Mil 
fflHHKn-;uoHjiffi^ffiffl$ (R z ) 

TS^mULhl 0 0//ml^Ttt-|>C:t&#Stt-|>± 

ie ( i ) ( 3 ) izmmm±wmum^MifrcD 

ffl§(Rz)T"l 0jum£Lh5 0jumJilTi:-f SCli:^ 

8fc-t5±!E (4 ) ( 5 ) izim<7M±mmum 

( 7 ) JJB ( 1 ) ^ l ( 3 ) tfEf^#±StIffiffl^ 

( s ) ±ie ( 7 ) {zimm±mmfim^&®m>m 
MUs&mxmmztLZ>^±mmm^. 
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(9)±iB(i)5r^L(3) izmm?M±mmm-£ 

( 1 0 ) _hfe ( 9 ) fca^O#>'hTOffl££»*£ffl 
[00 14] 

d-Fe-B^(Nd31. 5W*%) ^ftn-OBf 
KSEM( ) fcTffig L3tl^K0MS« 

t?!i+,^l?(Rz)t3. 4umX°fol, HIT 
M-'J-yfffl^Nd-iJ-yfffit^. ) T\ 

t ! r<o*$Mfr t>&&mw (mmmmtmtmmm) x 

UfcJ d&*fott£^;t^/h£&7WI/£IMLT 

V . L^L, ItSffifWdi N d — U -y i-mt>m<7)ffi{iL 
( R<9±fl£##N dCOHiifSfcfflN d U «y^ftfg#i: 

OM*D R U >y L3rl W & , ; £ T'iiiE 

[0015] *BSaffift*tf<Z>R-T- B^^tfr^ 

mmM mm¥mmconmimfr< ttumfrh 

^SK^'F S S S ( 7 4 >y 
7" x - 7" tf A ) XCOMmX 3 jut mWS.Xfo I CO 

izttix. mm u v^fflfiii*^MjtstL/i^^* 

T"«. l^mIilTOf»&^tfSiJ^^V^cto. 
[0 0 16] R-T-BlM^R'J'yfWif 

w. m^mmmizj; n xmm^mxh &zt mm 1 ? 

0 9- 1 7 00 5 5-^flL ^^(i^HflT 10-369 
4 9 #£#Rfc:i3tt ZtiX ^ h . Up U <Bll&tf>&S6£ 
Jt, j;|,«RU 'y^fflflii^iiORU 

■y f-ffi«^t^#i6(i , lE^gP fc 11% 0 Mffl^MftT'S) 
0 . R U v^ffl^Wffi< % 0 £ < < . WM%t tX 



*5. 

[0017] fifcHHR U >/ ^fflfIJi^#c»*a^ i a =5: 

^Tiis^T'* s„ H3t±Hi tie] timcomm 
^nmxfo&tiK fWR'j 'y^ffifi«tjE^i5o^t 

^TWIffOEffiR U 'y^fflfIiiOffi»^&|fE^I» 

U -y^fflffi^M^ftii. fl^r^±. S/S^ItSfr 
l*lftA§ t\ ZcDfztb. 5 0—10 OfSSSoffifS* 

xwmmt*mtzhx\ 5-1 oKis^^^iig 
mmkcmwMit it jr-t § - 1 . 

[0 0 18] *^BJf0R-T-B^#?Sn- (Nd3 
1. 5^M%) tO|lTffitOSItmi 1 llft&El2t^t-o 0 

2x~&mmmm. m§m&mmxhh» 
^■m^Awmt. x v u vt**tx vmxmm^titz 

o T . m R U 'y ^ffl^tfO^^fPffil § tit l ^ i t 

o 

[ 0 0 1 9 ] X V U >y 7°=* 

xd^fMxu, mmt^mm^commtm^xmj 
mmmw±z^) xm. ^commm\mmm 
izMftztiz. wMRV-yf-mmmt. mmtmmcom 
immffjz* < ^±crmmm\mmmzm^tihm 
^zfm^timmm^t^t^tit, 
[0020] -^r. mwR^v-ii-commzMfr^tt 
wzmttf-zb. ^commcomtcotztb. mm^mm 
mm^~)ummcom^mz^ziiA 0 

5 . zzxmmmiBimv-immcommwz < -r 

RU ■y^ffl«4i^W§iJ§^il>Mi. ± 
[00 2 1 ] L^L. Mitffl0l5n-;^H^Hffl§ 
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[0022] mm^scmx'hm2i l z^xd^n^: 
mm^-ti^mmm^mm^ttix^tztK mi 

fflas<7)^ttt^s* * ^tz . ; o i a &f£*<7) s 

<mmi,mm**z<o{}Mt:&j&.ittib. mam 
mti m^mcDMimtm < & mmr u >/ 

$<9£l££im& < fllffl-f S Z. t l . -tOftS, 

*T«~fl> £ i: S J: 3 KSr-? fc . 
[ 0 0 2 3 ] § 6 fcWJfOpfflWJ-f £ . 
( 1 ) Xb'J ^T^XbS 

ffl<0R-T-Bjfi-^ffrt:BH-4t«0T*4. iiT 

s«ji^3t«>^s{t^^ias:^. aw, r-t-b 

mm%*x\ ntkMJVvxizm^xmM^ti&« mm 
^titz^commii i35o-i5o o*cej?r5Sz>i$ia 
umtLtzm, swizmtxmmm. zymzmm 

ZWLtftzfy^ri 7ya2^U, nm^7\c<^titz 

wmmmmv-iv 3 \,zm&atih . $§*§<oet*&si£ 1 0 

tl-3m/sSgt*5. MiiJJMn-/W)MIC 

Hits *i& R - T - B^AOp a n ^'^5gt-S . @3fcn 
-/L-±T'«@U^#4«^ yrV 7ya«S»n 

[00 24] *|gBj^Mi^J¥$(±. 0 . 1 mmfil 
±0. 5mmPXFt-t&<0&jfrl£L\i\ it&mfrnmZ 

&o. iramx^mv^kWMmmtmmzimwL. ^ 
mmmm&Tizx i, n d - r i c hffl^^tt^T, 



[00 2 5 ] ( 2 ) MjtfflHKn-^^MiiHOSHffl 

£ . +jS¥^ffl5 ( R z ) T" 5 ju miil± 1 0 
0/xmiilTt-fSo J I S B 

0601 mm^^mtm^Az^tii^x-m^ 

ltzi>cox\ (Rz) i>zcoWz5mzti 

HHd fa 0 j£#£ftffl*«MS&7 /I^m*Lfc 

<?)Wm^. mi>S^\mfr$> 5#giT"^0j]IofI 
Si-Ctfx&j&ogffi (Yv) offi^ffltoT^fflt^fnSr 

+*¥±^ffl$ (Rz) fcttfii 0 S^§^iIS^°7^ 

^i:«IR U v mm* £f£ L*t< =5r 
£. «3tffl0SSn-;^^ffiffl§^5//mIil±T- 

m^m^Mz^^ziix^^. *mwmt* 
$dr u ■y^-ffl<7)4fi£^ jwM-rs ; t ^'T"# s . mmm 

\i. ( R z ) T" 1 0 v.mW±X-hh t $ ^ 

[00 26 ] Itjlffl@fen-/W0glffif|§^ 1 0 0 jum 

iz^ ^izmmcommi**;* mmmm 

■a-iUcomm^ziQ-oX^mMK A 02=46 !> i 5 t^rS . 

il3iffl@ten-;k<7)^ffiffi§(i, lOO^mOT, ift 
L<«5 0^mJilTfct-|> o 
[0027] R-T - B^^Ajf frO^Hffl^ 

^yt£<th^m^mmm^tK (r 

vt^x hmxmm^mjzmmmfrt&Mmmmm 
HT-fto. w&u-sv^mm^&mtfK^titzmmt 
iMittzm*). zcommcommw^^5Mmi;xf 

mWi5 0 umPlhXU. MR U >y^fflffi^4f£-f 
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frm?mmwzi&. sjumjyjisojumjaT, sttjj 

t L < (i 7 u mli[± 2 5 ju mlTFt ~tl . 
[00 28] M**IR U ^fflf»*l»* 
#&HJ§T(i , R - T - B %&&*<7fflffl R U -y ^ffiffi^ 
O#:»*a2 0%iilTfc^l> o *<Z>iSS, MSSffiOI 

ZttfX'^h* 

[0 0 29] m±mmmum^Mm. ^±mmm 
[0030] -£#ff a^, 7K««^, m v 

^^JUlT'lT^^tL. 3 m ( F S S S ) g®<7)£Mtf; 
tli, 2 6 6 h P a-0 . 3 M P a ■ Gtf>jEE#<?5**;# 

r - u v?m<vimwm£±z < l-c$j*jk fj& 

ii- 1 0 ccmK^IEfflT-IISfi-f S - 1 #Sf £ U\ # 

i 1 1 ^Mii i mmmixfo s . ^ ^rsmis 

S-ftSix^v^ft, *Siffii^aofJL 2 0 0 — 600 

°cmmx i . 3 3 h p amTo»s^t^#?f n-^m 

o , j&*x&%%R-7mimizm:z&& zk&x- 
# § . wm>mon t Lvmmrnn 3 o %vxtx-h 

[0 0 3 1 ] *mi<7>Z 1- U -yT^X bffiti 9 Sit 
3 ftfc R - T - B i^AH^ii, R >J -y ^ffl^-^S 
LT V ^ Z k mmX'fo h . if & L^R U >y ^fB^R! 

£\ -Mt3^m^io8^m-C&l. 0 R 
U •y^ffit&^T, <&WiRU 7fffi^gjStU^7 

wti - 1 x\ izikwztti-fr^'immzftmifzR u •/ 



^5. (M. Sagawa et al. Proce 
edingof the 5th internati 
onal conferenceon Advance 
d materials, Beijing China 
(19 9 9) ) 

[00 32 ] Wmtb tt. R-T- B^^M^i 3 // 
m(FSSS)SIi mmt& ^ t !> „ »^ 

zmiaffifflR u >y ^fflfiJio^^v^jf ^^fflffl-r 
ttif. nmftmm^Mn^mmx. ^stts< 

ztih (DT^m'x ^z2 mm%aT. tit km in 

g^l 00 0-l OOOOppmtn^t^'l, 

[0033] ±nico^mmm^xnmtm^, 

<vmmh{mz^x%ifoi±$:fo-k^&tzisb. maza 

i\ » a Li«*fi o . oi-i w.m%x°foh» %m 
ttnmmmfMwix%mx-i> «t v sa«tf fiS^itr 

[0034] 3 Aim ( F S S S ) M&tXfm£tltz& 

< nmftiim%&Lx . w/mttimmt 
c m 2 j&sjff a l v \ mm?)* * ft ^ ft^fsim 5 - 

2 0 k O e iWt U\ i^, B)caB#^#SlM(iT;P3" 
y^^li^^t" wStt^x#HM^*f i t u 

ttzmm, (c 1 p : co 1 

d Isostatic Pre ss) i^fiiAU 
Wfflt^»X#*J±T^X (RIP:Rubber I 
sostatic Press) nrigTS>S „ C I 

P^RlPtil BykSmtzgMZti&tzib. $mm 

[00 3 5 ] fiScMft^MISa. 1 0 00 — 1 1 0 0°CT" 
Mt^ii 1 . 3 3 X 1 O- 2 h P aIilT^*S»HM^f 

s mm^mx-vimmmi 1 ^lii^a l 
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&*v>%mm t &&mmzis ttiixmircz h mm 
* ix a < Amtbt . mmmm l v ^s*fM4. 

1. 3 3X1 O^hPaOT^K^^JtfiStEELfcA 
r7n -HHM^T". 3 0 0 - 5 0 0 °CT" 3 0 iHJLtft 

1. 3 3XlO- ! hPaHT«H I fit, 7 0 0 — 9 0 
0 °CT" 3 0 #ELtffif!f-r S - t £ . 
[0 0 36] MISFIT Ucfit MISI5<7»7Jfr± 
O/ift, £^tj£tT 5 0 0-6 5 O^CTWa-fS; 

^wm^tfz\mmm%xh o . u^isiati 

3 04N2Lh"C2&S. 

[ 0 0 3 7 ] ±tz, ^W8-CimLtzRmR U yiHI$ 

Uc#±S?SffifflR-T- B 
(4, MIM^ht, tfyK«Off»^ti#BI 

[0038] ^wmR-T-B^±mmi. &-r& 

- F e fcSASWffl^'fk'CftS . KHPBft* 
«Dfcft«D££^«Dft*tJi, HDDR (Hydrog 
enation Disproport i onat i o 
n Desorption Recombinatio 
n) Wmiftotf. &&$>!iZfflEt&a - Fe{4HDD 

^Z>WMk%Z> a Zfttztb. a-Fe(4HDDRMH£ 

a fr tm* l-c & < &%&h h . 

[ 0 0 3 9 ] t tz. tf> m5fflO^^*OT±^fi 

(4 50-300^mt m&^m^M7>Mktm~th 

kW^iZ^W HDDR^Tll 7C^#0|£ H B H 77fi 

tit!> s zrMM^-n acorns s snm^ 
tizmtf&fzfoui, ^m^co^ B nm±. 

H&T'«U^#T14. IS H H H K^it»h£ < 
ffito 1 !, 5 , Wit J; S S H B H Soffl^f4fra# 
tt^±t»efc£o 
[0040] HDD RmiZ X h tf> KiSPGffl-&£»*tf> 
SBt7fato^T(4, I, (Mitr, T. 

Takeshita et a 1 , Proc. 10th 

Int. Workshop on RE magn 
ets and the i rapp 1 i cat i on, 

Kyoto, Vol.1 P 551 (198 
9) ) „ HDD R^ti S-£M**?)ft£!fi. OToi 



[004 1 ] fm^R-T-B^l^»V£*SSHM 
^TlJlfft-f & t , 7 0 0°C^A> 8 5 0°CgET"iSttffltO 
R,TnBffltf«-Fe, R H 2 s F e 2 BtD 3fflt^ft? 

(4«S»HMt« i 9#iT7K3l&^*t-|>fc. j miX 
i^ffi^-9-7"S ^nyfS^IS H H H S@&*t-|» R 2 T 14 

fc . BI^Uc&R 2 Ti * BfflofiM^ 

ffi (R 2 T 14 BfflC?fi) J4, ^ftlf[t0lKft^^OR 2 T 

mmmm^tzm^'wmum k-th^k 6 . 

[0042] HDD RJiKIL^t!! 5 0 — 3 0 

o ju mfsEtr^ L^#m*k Ltzm. mm t w&lx 

[0043] f«R U >^ffi^(i±IBL3t*fDB#© 

Hiaist .hdd Rmmmz h fflffltitt&ffltmm 

vk HDDR£ti!>1»0#ffif4. nmtf'h$<%& 
k khizmrtl . *<9fctf>, *^BJ«IR U 
co^Jt^ Ltz R - T - B jR£&ti N HDD RMUT" 

<7)#y ^K^fflKS^^MtifStffl^i) z. k tfx°% 

o 

[ 0 0 4 4] 

mmw mmmi ) a&mitf* Nd : 3 1 . sir 

*%, B : 1 . 0 OWM.%, Co : 1. OWM.%, A 
1:0. 3 0jr»%, Cu : 0. 1 0«i%, m&jfclZ 

7^5-^7 A, ill, ^^S^L^JSfi^, T/PS^ 
if ±fl*ff ffl LT . 7;W>^t 1 MffiOffH^T". 

i^«g»rtfSL, ii^b u v7°^^x ymz 

Ef5(43 0 0mm, WIC!4!6i H T\ p"iiaJt±*^SffCii 

0 . MitH^)^Hffl§(4+fi¥%ffl$ ( R z ) T"2 0 jjl 

m\,zwmLtz a mmncDu~)vcr)wm.miQ . 9m/ s 

[0045] #^tL/t^ffn-^Miyffl(FMHO^Hffl 
Sli, +*W*fl$ (Rz) T'l OjumT&ofc. 

( S E M ) r#^Aff tOV RMtt^Hfl ( B E 

i ) zmmioomx-WiBitz, mBitz^Mzmmm 
vmwizm o jA^iig Lfc t - 6 , «ir u >/ ^s^js 

[0046] (SU6M2) ^ffl^*\ Nd28. 5 
% s B : 1 . 0 0^i%, C o : 1 . 0®*%, A 1 : 
0. 3 0lf*%. Cu : 0. 10©*%. »W4 

1 3 tSd^ t fcJI^S: ffiffl t T . §HSM 1 k W§.<r)^ 

[0047] n^tifz^Bfrzmmm 1 1 ^istfFtt 

ttteS. MMH(IMH^Hffl§(4+*¥%ffl§ (R 
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z ) x 9 v mtl) 0 , ffiMR U -y ^ffifl«i0#;»^(±. 

[0048] ( jtigffl i ) niSM i t [5j*^fflj?!tt mm 

Srl£-nL, HJfcfll 1 t |5l«ifc LTM?fc Jtf S cat i 

mm^mmLtz. fiu Mitfflniten-^Ho^ffl 

ffl$ (4+ &¥im § ( R z ) T" 3 . 0 ju mt* ~> tz . # 

HffMH^HfflSa+^^fflS (Rz) T"3. 3u 
mXfo 0 . fMR U v^fflffi«^»*(;L 4 1 %T'£> 

[0049] ( JtKffl 2 ) mm 1 |al«^fflJj!ct MM 

& i . mmm 1 1 i^ist i # s cat ± 
njs^iissLfc. fit, mmmmKv->\mm<mm 

(Rz) T'l 2 0jumT*~>fc. ft 



mmmmmmztt+&^w.z ( r z ) xs 6 ju m 
*£*#> o , Mr u y f-mmm^mmii. 2 9 

[0050] wzmmmimttzmwmmi- 

TftS**®*!!^*^^, 10 0%7K*»Hm. 2 
«0&fNi, 0 . 1 3 3 h P a cr>M^X\ 5 0 0°CT' 1 

o . o 7«*%a&jnu i o o%s*sffiswcvi!:r 



4 000ppm«it^ 

■^osl sjs, i oo%a« 

flsOSfrtiftSti 2 5 0 0 p p mT\ SftWlflgOj)- 



m^nm^mmmxm^Ltz^. ^mmv 5 oa 

5. 10//m, D10fi2. 10 Aim, D90(i8. 6 
2 J umT"S>-?Jt 0 

[0051] i o oxmmmmu 

*X'MM^fmMTT]/Xj$mifz, figSJEEJil . 2 
t/cm ! T'l)l * t'f 4 ft^H^ti 1 5 k O 

efcLfc. ft&*UfcJfc&flc£» 1. 3 3xlO- 5 hPa 
COM^ .5 00 °CT" 1 B#fiUf&ft L , vf 1 . 3 3 X 
1 0 - 5 h P a O JtS^ . 8 0 0 °CT" 2 H#ltlffi£f Lfc&, 
$£>£1. 3 3X 1 0- 5 hPac?)KStK 1 0 50°CT" 
2B#r B 1f*SLT^IS$^ 0 fl$g®g(i7 . 5 g/c m 

wsas** r^=f ysH^*. 5 6 otx" i B§r B i»^a 

[00 52 ] EgiEB 7" h t-T^ ^SiM 
[00 53 ] (mM3 . 4 ) Jt«0Jl fcitf 2T#& 

z Mzmm3 bm%i<?)$m. m^xmm 
x. mummimifz, tztzi, tmmn5XU2co 
simfrfr^n^ntzmmtmuzK <%~>tztz*b, 
2 otii^fc. itmm 1 ^ i 2^-^ 

[00 54] mt B H^/-7'> ^-f^il^^MIS 

^mo'Misasoji^^fm^ wist asin 1 

[0055] 
[^1] 













U m) 


Br 


iHc 


(BH)max 




(ppm) 


D10 


D50 


D90 


(kG) 


Ck0#) 


(MGOe) 




2600 


2.1 


5.1 


S.6 


13.C 


14.5 


44.7 




3300 


1.6 


4.9 


8.S 


13.5 


13.6 


43.6 




3100 


1.8 


5.0 


B.8 


13.6 


13.9 


44.2 












9.1 


13.5 


18.1 












9.1 


12.6 


17.5 



[0 0 5 6] milZ^tiolZ^ 
m3ktmLXD 1 0£vK£VV 



4T1i^»J3 J; 0 tMwlilS^ifK^^t 

[0057] ijct^y m^ftmitzmmmmw-t 



(mmM4 ) Nd28. 5%, B: 1. 0 

0jCM%. Co : 10. 011*%. Ga : 0. 5W* 

%. mmiz%& x d izmmMi^i. mm 1 1 

^HfflSa+^T^fflS (Rz) T"9^m. ffiMR V 

v ^mmm^mma 3 xarxh 0 , « - f e 

[00 58] ±IEO^#fi^^ 1 MJ±^*5!4^ 820 
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°CT" 1 mWlUftLtz^ nUBtCM^T 1 Sf^ffiSf-tS 
HDD R^M^MMLfz „ %t>tltz&Mn$:l 50/xm 

fsig^JiD^T i . 5Tcom^mixmm^mLx^y 
[0059] ( jtngw 5 ) mum a t mmcommzmm 

§ ( R z ) T" 3 . 1 /z m . ffi.MR U v f-ffl§»*»* 

ii, 4 0%tt-)ft. 

[0060] iisfi^j4 k nm^mx^y vm 

[ 0 0 6 1 ] HI * s t*HfflSfia|4 1 Jtlgflaj 5 YM. 
h . Jt«ffl 5 T1± . MR U -y < . 

hdd Rum* t tzimmmz 50u m^r^mmm 

[0 0 62] 

[01] 




Sl.£:«Sffifll, *BftS« 



ft. ^AH^tSjiLtMSll^HDDR&ti; 

[Hi ] mmnscmz-mikifzmmv v-tmists 

[03 ] 0 1 «KHfflll^(tl>fMR U v^IJifclE 

[04 ] x v >j 7 7"^^x vmcommmwcom^m^h 

■2) o 

[«^«] 

l M;kM)VV$ 

3 H^fflHten-^ 
4 

5 ilayft 



[02] 




[03] 
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[04] 




(51) Int. CI. i Wmgft FI (##) 

B 2 2 F 9/08 B 2 2 F 9/08 M 

H 0 1 F 1/053 H 0 1 F 1/04 H 

F^-A(##) 4E004 DB02 DB14 LC01 TA03 

4K017 AA04 BA06 BB01 BB05 BB06 

BB12 CA03 CA07 DA04 EA03 

EA08 EC02 
4K018 BA18 BB01 BB04 BB06 BD01 

KA45 

5E040 AA04 BB03 BD01 CA01 



